I. Preliminary studies of some sugars and some nitrogen sources The study of the nutritional relationships of parasitic fungi is fundamental to a satisfactory knowledge of the diseases which they produce as well as to a correct understanding of the causes of infection, parasitic invasion and resistance. The problem of resistance to disease is undoubtedly very complex, since not only are there many types of parasitic invasion, but there are also many contributing causes which interact with parasitic invasion to give rise to a given diseased condition. The nutritional demands of the invading organism must, however, be met by the host in order to have a successful invasion. Therefore a knowledge of the demands made by specific fungi, and of the substances available in their hosts, will lead to a better understanding of the conditions which make disease possible in those specific cases. Hence it is necessary to know the range of food substances of a given parasite and those available to it in a given host. Resistance as a nutritionazl problem, then, may be due either to the presence of antagonistic substances, or to the absence of essential food requirements, or to various combinations of these. The direct object of the present research is to learn the nutritional requirements and range of specific parasitic organisms, and, in specific hosts, the type, range and abundance of materials which may affect the growth of the parasite. The ultimate object is to give a more definite idea of the causes of resistance, especially where resistant and susceptible strains of the same host are known. It may well be expected also that careful attention to this subject will reveal many facts which will bring about a better understanding of the physiology of the higher plants. The physiological investigation of obligate parasites is difficult and the methods of attack upon the problems involved are vague and uncertain. It seems more hopeful to begin the study with organisms which are on the border line between saprophytism and parasitism and to progress toward the obligate parasites from that direction, building upon the knowledge gained from research on the facultative organisms. Such a program has been adopted in the physiological work of this department. A general survey of PLANT PHYSIOLOGY investigations upon fungous nutrition shows that relatively few intensive studies of a single parasitic organism have been made. The accumulation of information upon this subject is largely from rather scattered and more or less unrelated studies upon a number of organisms. It has seemed best, therefore, to attempt a rather complete investigation of one organism in order to correlate the various physiological facts with one another. In seeking an organism which would be appropriate for a continuous study our attention was naturally drawn to Fusarium lini Bolley, the causative organism of our common flax wilt disease. Since this fungus can be cultivated readily upon natural and artificial media, is rather widely tolerant of changes in its nutritional sources, and yet is known, up to the present time, only as a parasite upon flax, it seems well suited to the purpose already stated. Another feature which makes it of special interest is that certain strains or varieties of flax are very resistant to its attacks while others easily succumb. Moreover, the fact that it is of wide economic importance certainly does not lessen the advisability of making a careful study of its physiology.
REVIEW OF PREVIOUS WORK
The pathological examination of the flax wilt disease was largely carried on by BOLLEY (1) but no exact studies upon the nutrition of the fungus seem to have been published. TISDALE (4) in 1917 published an account of the inheritance and general nature of the disease in which a few nutritional questions received only incidental attention. The same investigator demonstrated that the flax wilt fungus will scarcely attack the host below 100 C. and thrives best at about 26-28°C. The most direct attack upon the problem of the nutrition of this fungus has been made by TOCHINAI (5 Cultures were prepared so that each 125 cc. Erlenmeyer flask contained 40 cc. of the medium, and enough flasks were provided so that, for each sugar tested, two could be removed at the end of each week for the duration of the experiment. This means that for each sugar, fourteen flasks were usually prepared, although some sugar cultures were carried for ten or for fourteen weeks. The entire set was inoculated from Fusarium lini cultures which had been derived from a single spore isolation, and had also been tested for pathogenicity on flax plants in soil. The effort was made to inoculate the culture with equal quantities of mycelium and spores, although a preliminary experiment has shown that when cultures are carried as long as these the amount of inoculum makes little difference in the final maximum weight. The dry weight of fungus growth was determined for each culture and the results of each pair finally averaged. Check cultures of standard Fermi's medium in which glycerine was present were treated each week similarly to the sugar cultures.
The numerical results are summarized in table I. It may be seen from these data that the nutritional value of the sugars is in the following descending order: glucose > maltose > sucrose > levulose > xylose > arabinose > mannose > galactose. The AI/20 concentration of the disaccharides gave more fungous growth than the corresponding concentration of glucose, while in all higher concentrations glucose surpassed these other two sugars as a source of carbon supply. In the M/20 cultures 2 The glucose, d-galaetose, sucrose and maltose used were PFANSTIEHL sugars put out by the Special Chemicals Company. They are the most highly purified sugars obtainable and are essentially free from contaminating sugars or other carbohydrates (2). The xylose, arabinose and mannose were from the Digestive Ferments Company and the levulose from Merck and Co. PRELIMINARY NITROGEN STUDIES In another series of cultures of Fusarium lini carried for two months the ammonium phosphate of Fermi's medium was replaced by various nitrogen sources. Each nitrogen source was so calculated that the same quantity of nitrogen was present in all cultures. Ten culture tubes of each medium were prepared and the combined dry weight of growth was determined at the end of two months.
All cultures were inoculated with the same strain of fungus. After two months the growth was washed and dried on an oven-dried and weighed filter paper. The net dry weight of each culture is given in grams in From the data it is seen that potassium nitrate, calcium nitrate, ammonium lactate and ammonium phosphate provide the best sources of nitrogen for this fungus under the conditions of the experiment, and in the order named. Asparagin, potassium nitrite, ammonium sulphate and urea are next best in the order given, while calcium nitrite gave no growth. Ammonium lactate did not seem to supply the amount of carbon necessary for satisfactory growth when it was the sole source of both nitrogen and carbon.
TOCHINAI used the same percentage of all nitrogen sources in his cultures, thus supplying the fungus with different amounts of nitrogen in the different cultures. In the series here reported the various nitrogen compounds were calculated to supply the same amount of nitrogen in each culture. The results show that, contrary to the conclusions of TOCHINAI, the best sources of nitrogen are not organic materials, but the nitrates of potassium and calcium, with the ammonium salts of lactic and phosphoric acids rather close seconds. This series did not include the indefinite material, peptone, which TOCHINAI included and which in the concentration used was the best source of nitrogen. Both investigations demonstrated that nitrites are poor sources of nitrogen for this fungus.
A culture medium supplying its carbon in the form of glucose and its nitrogen in the form of potassium nitrate would seem to be the best synthetic type for Fusarium lini so far discovered. during the summer of 1922, and stored in boxes until used. They were then ground in a mill and the powder was steeped in water about 48 hours. The liquid was filtered off through glass wool and then through filter paper.
This filtrate was sterilized by passing it through a Mlandler diatomaceous filter into sterile flasks in which it was stored until needed. Measured amounts of the sterile flax extract were added to Fermi's solution, in such proportions that 40 cc. of medium had the same concentration as the standard medium, and the percentage of flax extract varied as indicated in table III, 2, 4, 6 and 10 per cent. being used. All cultures were inoculated with essentially the same amount of Fusarium lini. Two cultures were removed from each set at the end of each week of growth for six weeks, and the entire contents of each was placed on an oven-dried, weighed filter paper and washed with 100 cc. of water. The fungous growth was then oven-dried at 85-90°C. on the filter paper in a weighing glass. The net weights of fungous growth are used as an indication of the amount of growth, under the stated conditions. Four series of cultures with resistant flax extract were run, two with the glycerine of the medium added before autoclaving, and two with the glycerine added after autoclaving. Four corresponding series with susceptible flax extract were run.
EFFECTS OF AUTOCLAVING FLAX EXTRACT VERSUS STERILIZATION BY DIATOMACEOUS FILTER
In series A and C (table III) the flax extract was autoclaved. It will be seen from fig. 1 that in all the cultures in which autoclaving of the extract occurred there was an evident increase in growth over the check cultures which received no flax extract. It is clear also that the higher percentages, autoclaved, consistently provided a better medium throughout the whole period of growth than either the check or the lower percentages. It will be seen, however, that in a considerable number of cases there was actually a smaller weight of growth at the end of the sixth week than at the end of the fifth (figs. 1, 2 and 3). This did not occur in the check cultures, and in fact no decrease was recorded in them until the tenth week.
In series B and D, table III, the flax extract was sterilized through a filter cylinder and in general the opposite growth relations existed. The ten per cent. extract proved to be a poorer medium than any of the lower concentrations, as shown in fig. 2 . All of the various concentrations supported less growth than the check cultures for the corresponding growth periods.
From these observations it is evident that the process of autoclaving caused some profound modification of the flax extract which changed it from a depressor of growth for Fusarium lini to an accelerator of its growth. fig. 3 . The original medium in each case contained the same amount of nutritive material as the check, but upon the addition of flax extract further foods were added. This is evident from the fact that the autoclaved media gave greater growth than the check. It is known that flax plants contain a glucoside which is decomposed by an enzyme, producing hydrocyanic acid. This latter substance has been shown by REYNOLDS (3) to be a strong inhibitor of growth for Fusarium lini. In the extract which was sterilized in the autoclave the enzyme must have been destroyed and the hydrocyanic acid itself was probably largely driven off, while any food materials contained in the extract were added to those in Fermi's medium ( fig. 1) acid of the distillate. This titration was carried out in a test-tube. The precipitate produced by adding the potassium cyanide is at first fine, giving a milky appearance to the whole tube. A rather violent agitation, however, flocculates the precipitate and clears the solution so that an end point can be determined by the cessation of the appearance of the milky precipitate. Verification of the end point is attained by filtering and testing one portion of the filtrate with a few drops of silver nitrate and another portion with potassium cyanide. A lack of precipitation in either case verifies the end point.
One hundred cc. of distillate from the resistant flax required 7.8 cc. of the KCN solution to combine with the excess silver nitrate in the distillate. The same quantity of distillate from the non-resistant flax required 9.4 cc. of the KCN solution. Since the same quantity of silver nitrate solution was originally present in the distillate it is evident that the resistant flax extract produced more hydrocyanic acid than the non-resistant flax extract.
Discussion
The four series of cultures reported above, together with other unpublished data, seem to give a reasonable basis for an hypothesis concerning the cause of resistance to the flax wilt disease shown by certain strains of flax. Since the extract from resistant flax, when passed through the filter cylinder, depressed growth of the flax wilt fungus more than the extract from the susceptible variety, it would seem to indicate that the cause of resistance in this strain is a chemical condition. Since the same types of extracts, when autoclaved, accelerated growth, it appears that the factor causing depression of growth is a relatively labile or volatile compound. It is known that in the young flax plant the glueoside linamarin, or phaseolunatin, is present, and that the juices of crushed flax plants change this into glucose and the volatile hydrocyanic acid.
The determination of the relative quantity of prussic acid in the two flax extracts demonstrates that the resistant strain contains more glucoside than the non-resistant. A possible explanation of resistance is that the flax wilt fungus in invading a resistant flax plant with a relatively high quantity of linamarin might easily release sufficient hydrocyanic acid to inhibit its own growth either completely or partially, while in the more susceptible strains there may not be a sufficient production of the poison to prevent the firm establishment of the fungus. 3 Observations have shown that resistance in flax is a relative quality and not absolute, which would be explained by
